An intact barrier between the hands of the surgeon and the patient remains the single most important factor in protection against infection for both. Increasing the awareness of possible glove perforation without skin penetration will decrease the risk of contamination.
Needlestick injuries with perforation of gloves and sometimes skin are common in all surgical specialties with obvious risks of infection. Double gloving, 1,2 the wearing of outer 'orthopaedic' gloves or cloth gloves between two pairs of gloves 3 and the use of a taperpoint needle 4 have reduced the incidence of needlestick injuries. The Regent Biogel Reveal double-gloving system (Regent Hospital Products, Broxbourne, UK) was developed to increase the surgeon's awareness of glove perforation. A special green inner glove turns dark green when punctured with consequent contact with body fluid. The discoloration is clearly visible under the natural-coloured outer glove. Our aim was to investigate the effectiveness of Biogel Reveal gloves during operation for total hip and knee replacement.
PATIENTS AND METHODS
Patients undergoing total hip or knee arthroplasty were allocated randomly using sealed envelopes to a 'Reveal' or a 'control' group. The surgeon, first assistant and scrub nurse used the allocated gloves throughout the operation. The outer gloves were changed before the cementing of components and the inner and/or outer gloves if perforation was suspected. All the gloves used during the operation were collected and labelled. Wearers were asked about their awareness of any perforations and blood contamination on the hands. Records were kept of the nature of the operation, the dominant hand, the seniority of the surgeon, first assistant and scrub nurse, and the stage of the operation at which the gloves were changed. The gloves were tested for perforations by filling them with one litre of water and twisting the cuff end of the glove through 360° to increase the pressure. Twenty pairs of unused gloves in both groups were tested for perforations in a similar fashion. We performed statistical analysis using the chi-squared test. 
RESULTS
Of 362 collected gloves examined 209 were in the Reveal and 153 in the control group. In both groups the types of operation and the seniority of the glove wearers were similar (Table I ). The operations were performed by two consultants, one senior registrar and three registrars. All hip arthroplasties were performed through an anterolateral approach and knee arthroplasties through a longitudinal median skin incision with medial parapatellar arthrotomy. The prostheses were fixed with polymethylmethacrylate bone cement. All the glove wearers were right-handed. A total of 95 perforations was found in 53 gloves (14.6% of all gloves). In the Reveal group there were 46 perforations in 23 gloves compared with 49 in 30 gloves in the control group (p < 0.01). The number of perforations related to hand, glove and seniority are listed in Table II and the sites of the perforations shown in Figure 1 . A disproportionate number of perforations (34 in 11 gloves) was found on the volar aspect at the base of the left ring finger. Surgeons who wore wedding rings during the operation had significantly more perforations at that site (p < 0.01).
Of 32 perforations found in the inner gloves 18 were matched by corresponding holes in the outer gloves. If perforations were detected during the operation, most of them occurred during the preparation of the bone (Table  III) . Despite the large number of perforations there was no blood contamination of the hands. There were no perforations in the unused gloves.
The awareness of glove perforation was significantly higher in the Reveal group. Of the 46 perforations in this group 13 (10 in outer and 3 in inner gloves) were detected by the wearer during surgery (28.3%); only 5 (all in outer gloves) of the 49 perforations (10.2%) (p < 0.017) were noticed during the operation in the control group (Table IV) The main sites of the perforations in the gloves. gloves (67% of all gloves) and 14 perforations in 14 inner gloves (30%). We showed a much lower incidence of perforation with 63 perforations in 37 outer gloves (16%) and 32 in 16 inner gloves (13%), which is comparable to the glove perforation rates in operations for trauma reported by McLeod 5 in which the incidence was 19% for the outer and 6% for the inner of double gloves.
In our study the mean number of gloves used in each operation was 16 in the Reveal and 17 in the control groups which explains the difference in total gloves collected in each group.
We found that more perforations were detected in the non-dominant hand (70) compared with the dominant hand (25); this has been reported previously.
1 In McLeod's study 5 the opposite was found, the dominant thumb and index finger being most affected. Most perforations were found in the surgeons' gloves (60% of all perforated gloves). The rates of perforation in the gloves of the assistants were 17% and in scrub nurses 23%. There is no obvious explanation as to why the gloves of the surgeons were perforated more often than those of assistants and nurses.
We draw attention to the relatively large number of perforations at the base of the left ring finger. All of these occurred in the two surgeons who wore wedding rings. Rings may therefore add to the risk of infection, 6 and the high perforation rate is probably due to the handling and frequent changing of large instruments. The dexterity of the surgeons wearing Reveal gloves did not obviously differ from that of surgeons using standard gloves. The Reveal gloves are more expensive than standard gloves. The average cost of gloves used in a standard total hip replacement was £11.17 when using Reveal gloves compared with £7.84 for standard gloves; for a standard total knee replacement the costs were £8.93 and £5.60, respectively.
Our study has shown a significant increase in the awareness of glove perforation when using Reveal gloves, and we recommend their use in hip and knee arthroplasty. The wearing of wedding rings significantly increased the incidence of glove perforation; they should be removed before surgery.
